Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 07-063999 
(43)Date of publication of application : 10.03.1995 



(51)lnt.CI. 



G02B 26/08 
GOIB 7/34 
GllB 9/00 
HOI J 37/28 



(21) Application number : 05-213117 

(22) Date of filing : 27.08.1993 




C 



(71) Applicant : CANON INC 

(72) lnventor : YAGI TAKAYUKI 

i YAMAMOTO TOMOKO 

f\/\^ AKAIKE MASATAKE 

' NAKAYAMA MASARU 

TAKAGI HIROTSUGU 




tf"l'l«»lil'>aaaai 



(54) ELECTROSTATIC ACTUATOR, ACTUATOR ARRAY, OPTICAL DEFLECTOR AND 
INFORMATION PROCESSOR PROVIDE WITH THE ELECTROSTATIC ACTUATOR 
(57)Abstract: 

PURPOSE: To provide an electrostatic actuator whose 
dependence on the displacement (or displacing angle) 
and a voltage is almost linear and capable of setting a 
wide dynamic range. 

CONSTITUTION: A mechanically movable part 14 is 
provided on a substrate 4 provided with a fixed electrode 

13 by means of a supporting part 18 through a first air 
gap 16 and a fulcrum part 15 as the varying means is 
arranged on the lower part of the mechanically movable 
part 14 through a second air gap 17. The mechanically 
movable part 14 is composed of electrically conductive 
thin film and has the property of a spring. When a 
voltage is applied across the mechanically movable part 

14 and the fixed electrode 13 through the supporting part 

18, the mechanicanjMTioyable.parM4i s displaced toward the substrate 4. By increasing the 
applied voltage, the mechanicallyj^oy^^ brought into contact 
with the end surface (upper surface) of the fulcrum parn5_and defon^^ being ~ 
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supported at the contact position. Namely, the effective length of spring of the mechanically 
movable part 14 is L under a low voltage, the effective length of spring is shortened to be (1) 
under the voltage larger than the voltage on which the mechanically movable part 14 is 
brought into contact with the fulcrum part 15 and the spring constant is changed so as to 
become larger. 
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1 

T?#ififesnTv^sis*s 1 3 n>4^ 1 )Btia« 

©»S7i'5'3.X-^. 

6 ] itiE«to*t!l*t:-A-r*5iS*Ji 5 IC 

E«ro»«7^7 5^3.x-^. 

7 ] if8H«fe*i»ntf-A7?« 5 (C 
ia«tO»S7i7^:iX-5', 

OMfflim#lcS:?t^T#^ ®#l;7 ^'5^3.X-^;*^^ao 
»«7 5^3lX-3' t «»i[}c» ffi i WlB^tW&gS^ 

iX-^7^-f. 

»S7ir^ax-^©iiiiiefli©ftot'?t(Si«affi*fflv^ 
m-m. 1 1 ] 9 i o tiHiKroffiaw^t 

mim 1 2 ] K^di^B 1 71S 7 ©vi^n*^ i jbicibhc 

«SSE£^t-r«fc*ro«)BE*9IiOf5ejEEWllD#at, 



(2) !|#ig¥7-6 3 9 9 9 

2 

[0 0 0 1] 

\z. ■7-r^a^*xi7;^s«srfflt^Tf^s3n5, mm 

10 ?l:'3SfflViTXfiS(lWS:ff5»«7i'9^a.X-iS'. R» 
m7J'5^a.X-^&{iAfc7i?5"rLX-^7^-1'. ^{i 

[0 0 0 2] 

fcffi»T/jNS® DlS!i«lfl!*«f Sft/hatttdiv-r f n;>{ 

■^~^7.mk\z^r)im-^nx\^^^. mmintm'hmk 

thX\t. K^-:f)V7'it>u^—S'-(H. Mehregany et a 
1., "Operation of microfabricated harmonic and or 
dinary side-drive molors" , Proceedings IEEE Micro 
20 Electro Meclianlcal Systems Worksliop 1990, p. 1-8) 
^, 'J— 7V'f 5rD7i'9'aX— 3'(P. Cheung et al., 
"Modeling and position-detection of a polysllicon 
linear microactuator " , Microiechanical Sensors, 
Actuators, andSystems ASME 1991, DS C-Vol. 32. p. 
269-278)-^ , Bm/U=t)Vytl>^U/^- (^KBI^tt 

m4, 9 0 6, 8 4 0^) ^>jsa3g$nTt»-5. cne 
trMmits^^^mwx^i>. mz, 7:/;VT'fi^n^ 

30 ^•JX7T'f i7n7ii'5'aX-^^©ij?m7i'5^ 

i)--<xiza:LTiztrsi&ft'&n'^ctmm 

Sfc, J:ne.»S7i'9^3.x-3'ttig|ttS$ffl 
V^TJg(£t-Sfe»IC, ffiaAW*;l'774'9^rLX-5'f^ 

IE»«7 5^jLX-^ttSSffi|^T^ffi1-5 7 5^aX 

49 <a:©i»®7!^5=-iX-^fc»ig3nTVis« mt&.(oi» 

|n)g8lc*3ViT, K.E. Petersen C<k 0S3gSnfcv''J n 
>ICj:'£>Torslonal Scanning Mirror (IBM J. RES. DEV 
ELOP.. Vol.24, No. 5. 9.1980. V.m-637)RZfi^m*> 
^(0^m}Z^ K) I'— y-^£^S-rSMicromechanical 
light modulator arrayC "Dynamic Micromechanics on 
Silicon Techniquesand Devices" IEEE Trans, on Elec 
tron Devices, Vol.ED-25, No. 10. Oct. 1978, p. 1241- 
1249)*?fe-5. 

50 [0 0 0 3] 3t^lRjS©S^S®'^©ieffl-C«, «]m^ 
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3 

l,1t . I1.A. CadiianASSlC.fcDIi^dnTI'^SUicroiiieclia 
Dlcal Display( "New Hlcromechanical Display Using 
TbiD Metallic films " lEEEBlectron Device Letters, 
Vol.EDL-4, 1983, pp3-4), L.J. HorDbecklCj;-&Sn 
JtSEWiB («'ll¥2-8 8 1 2^#flS) . R.N. Thoinas 
9lCJ:0ti3e;SFnTb>$Hlrror Matrix Tube (IEEE Tra 
ns. OD Electron Devices, Vol.BD-22, No. 9, Sep. 197 
5. P76-775) ^ifl$ti>. $6.IC, II. T. Duerig mzi:i> 
tUDoel tip$:WT-&cantilever beaii(USP4.831,614) ifi 

[0 004] 

[0 0 0 61 0 2 3ttSf*CD»a7i'9^aX-^'®l9« 

®"i»«8j 1 ica»snfc»tts^Tatffc2 

t). nI«l«ffilii)fc*r6lLT$iaraH ((5.) «75ffiBlr@ 

S«a3*tKttTafe«. croS£«ffi3fiStS4 (02 
4#«g) IC»(t&nTV)£. @£«ffi3<!i:Rin««l^ 
©BIC«£E (V) S;fiJin-r-5;:t(C<fcO. BlSll««li: 
05t««3i:®|IBtCi»«g[* (Fe 1) *«fflS. 

[0 0 0 6] 02 4ewW»«7i'f^3LX-3'WilfPS 

M»C«JE (V) «HJJq-r*CtlcJ;»5, a4a2*tft*w 

i'^^ix-^' (^»«ffii) <r>u&mm<r>mA^5. 

XttAS tri. 02 5 lCWJD«ffi V 
MfSS^T. 8iJlI«EV30»:*:#<;(45C«EV»gij»lr*ffi 
sa*ti9U $&l;:WJln«EV*±^f5^:ll!^«gw*t^^ 
ta2®«7c*l::»0. »«7i'5^iX-3'oefiWiS 
tK4ic«U ^&^8\i6,(r>^t.it^. 
5c*lClS-5«BE«r»»«ffi (Vc) if 5. WlnSBEV 
AJRffSEE V c fiiTr tt^ffifi a 5. w 

iD«K V*t8t#«JEV c £;±-Ctt»«7i'^aX-^® 
(^0S%) \zmL. ^(C, WiniUEEVST 

L\Z13.^. Cfflfcft, »«7^'9^a.x-^'?&7:^ny« 
iCftf^fflffilfSKtli, 02 5-C*-rtt«ffli^€fflV>«. 

zt\zitK>. Ti-utfifiitmwmm<. Aogiinm 
^msy ci&mzx7irumm^n'!>it^\z'm^n. 



(3) »P¥7-63 9 9 9 

4 

«ttpil!i«*taigic«fg6L. ;:®&j&ic«s 

ii>\z\ti^\z^-i-^s. >vi;v>i>im^-^%<r>tu-z>x 
\>Mt. 02 5C*f7:hai^M«&fflV»T. 
^^I'UK^tfflj'fSScaDningtUDoel log Mlcoroscope(ST 
N)$««-r.6«^, tunnel tip^|i()R,>:®ffi®Mi@«lfll 

;i/«jft&«wr5:5a*w*u<. (h* 
(ttT-ra. r®;itttSTM®*ic{g^)iB)ffl-T?tt&<. 

»«7 X- (C * S^ffiSipJffl UthSi *fctt«fa 
®fflaSrff58«tC#ffiT5railir*.S. 
[0 0 0 7] »«74'?iX-^®BI8(l«««5 

9- 1 LTfijffl-r -sjfeflaisiigstK-tn^ffl iri&^^as 
^©fSfflittaKstrtt. ei^A&7±Di>'»jai-r*« 
^, fii^^^®*r86!PJffl««*»»Etifcje)ic. 3t<ir6]S®«i 

:*c*<»*j4^S*»*i;-5. W>X®iDIflJllB;fS:«ffllCF 

m:^&ifi ?>M,x^iaiPimxit7i-aifwmtf£iE>fiVim 

[0 0 0 8] 2 jBS*®3tfi|Slil £ 7 l^i- fb UTg^S 

5«^ICH. tSM^^ (8 If -y 2 5 6BM8ff) 
rant**. 2fiS*KTftffie9tC#BIBI2^Stf5;5 
fettTtt, ^W)t«affl&ffi*^*3-li-T^®lil9tt;r 

2 5 6lin;&%^-r'6«^2{l^7^®Wti[@i^;&2 

5 emiittbx im^tt^imifiiiio, *^ia»®^ 

mMfimLK&TLXL^^. tfity^. iaiW3t«W 
SSl*ttjfl?t-rst. 1 6#ffi«?4;5riH«& 
^•r::tlC)a:-5®-C, l»fl:3ll?®'9-'fX&l OtfmA 
t-rst IHJRl 6 OitmAi:;^'). (6 3 -f >5^®SS^ 
set Ufclfr&r-li-Vi-tf v> 5 0 0 ll3»effi®««:<3 Lifi 

fflV>T±gBS*KHSf^»1-5«'&, 1S« (S i®l 
oro-^xA) SfcD®g*KB®«'5aL«*<«sj:<t 
tJa:r)*SSO*RCf^»:®<STSfflS. S*8tt® 

[0 0 0 9] A;i'X<i*ffl^rjcic*v»Ttt. Ni; 

<8H-;h. 2 5 6BP&S5%-ra»^. 7U-A«C3 
0 H z !&jtifr ■5fc»fCl4 1 3 0 w s (1 = 1/3 0/ 
2 5 6) l^tCl Hj^itS^ff ^ 
50 lE«%«cAn 0 0 02t:®^^|gGi(C:&vmi. 1 ^Ittlt® 
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(4) 

5 

i*S«^^<Oiia3R»*^2 0 0 0ffla>«-&. 
fcr)ffl->7hRIHiao. 0 6 n s£ilrtlC)*5. ^E'qT. 
->7hWyx^'©Bill^!»[RK«l 6GHztaO. S 

[0 0 10] *56?3tt. ±i2tl£*8Effi©^rT4f««iJ«t' 
7 :^ D if Mfl "Iil^»«T i'5'iX-^*lift-r5C:t 

[0 0 11] sfc. cn^©i*ie*«aufc 

5'7W-f-^, &»«7i'^aX-^"&aii2l*M«'t-4C: 
[00 12] 

[llB&#»-r5&ai>o#a] ±EiW*3ttjc-r*fc* 

fflWlC«tta#5»«7i'^aLX-3'{C:teViT. WEttl 

[0 0 13] *fc. flina?i«^a*^ swe««^i!ii5ffl 
[0 0 14] a etc. iaE««^»«B*»«a««<^lfH 

[0 0 1 5] ^-UT, s9E««a**ft*t;-A'^. »ntf 

[0 0 16] *»W®7i'f-3.X-^'7W-f tt. a»© 

*iEig©»«7f g^^-x-^-t. m^mt. mmm^ 

[0 0 171 *5S93®3tSl6)Btt. *KW©»«7i'^ 

iX-^'©"iii«a©ftot3fcfflr&i«iSffli'»fc"e)ffl"7* « 



4$m¥7 - 6 3 9 9 9 

[0 018] St. 3tffl|B)«*<tfta±*'5£M*:frLTS 
[0 0 19] *«M©fll«fflaSHtt, «»©*«9B© 
©ft9W«#lt»-:Jt»T#>!r ©3tfil«li8*»<Bffl3tfi|6]»t 

tta4»c^a©ftS(c«tta-a-5fc»©«iffi#at. » 
[0 0 2 0] a etc. *«w©««ffia8Si». *»m 

HeiSSff 5 KJGf t ©fflMW;*ttfillff*i!8i5-r 
Mif^ai:. StiEP'n-:/i:flESt!Ri:©MCh>^Jl' 
«jS«r«*-r-5fc»©«E«BJllOt-S«EEHJJn#gt. 

-:^i:iiEtt*f t ©Micssn-s h >^;p««s«iai-r 5 

[0 0 2 1] 

Wffll ±E©i*D(C««anfc*fi6?«©»«7i'5^ 

ttBii(ifls©tf*a3£ft**«in-r«. ^nnj;»), twt^ii 

8l!*<lfilUKtf*a1*tt«:Wt-^>;ii:tC*0. Wl)D«St« 
filrS©fel¥**^«Sill«J1*ft<tJa:5. BJlin«£E©^< 

[0 0 2 2] ^UT, »m7i'5'iX-^'C*«J^«4a 
1#tt*K»t*Ct»cJ;0, «£*©<t5if5tWiD«EEtc<fc« 
«ttS©«Vi7:hDifft(ffll««;£. l£<SlSJ:t*toI|| 

[0 0 2 3] 

[«»«] Jfctw. *5BW©*J6««ll'OV>TBIiB&#ffiU 

[00 24] mi *JfiW BI 1 «*»M©»«7 if =f- 
3.X-^®|gl**fi«©^5t«0. 02l4aUC*Ufc» 
«7i'?'iX-^'©«£BrSiBI. H3ttBllC^bfc»« 
7 i?5='aX-^©iifP*K??-r5fc»©BIT*<&. 

[0 0 2 5] iaiRc^H2ics-rj;'5ic, ajeeais 

*iaittS«4±»c, 3tf$IBl 8Ci:0»l4l8i 6* 
:frtT3tl§Lfc««"II!i851 4J>«KltT*0, «2$|g( 
1 7&^M/T^^#Rtl/T©3e/a»l 5*J««"I«lW 
1 4©TfiS«CEBUT*S. ««Bl«[»l 4li«a»« 

#:»«*»e.'a:o. »i«att*^frs. c©»«7i'^3.x 

JKl 4i:aSSffil 3 t©KtC«B£SBllnT«>^tlc<fc 
0. ««pj»ffll 4tti»«4ffl!lC«(Sl[-r«.. wnnejES 

I ii-rttBtdniKiasi 4ea6ic3E«5b3iuft»i 5®fflffi 
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(5) 

7 

(L) cfcot)®v^ (1) t^o, \in%mtmL\. 

[0 0 2 6] 1^41;:. j;S^i:««pJ»85cDad3S85feSSSco 

[0 0 2 7] m2mmm) ^6\t^%mm^7^^ 

(D^o\Z. «M^«iSB^&l^-A2 2tPl9l«ffi2 9lC^> 

[0 0 2 S] m7\me\z^vrc»m7^'^:xx-i$^(D 30 

[0 0 2 9] Si?Sfi^S;Xy^>^^£fflVi«tt®^&IS^* 
&J^^£t*'5*Sii> R.N. Thomas ^[C<fc OS^^tlTVi 

ftK^Jl*JECVD (LPCVD) tCctOK)?! 5 Onm 
S«2 4±lc@smffi2 3^;^S*U5/U3>K^& 
:t>aAS(C<fcO'J> (P) ^1X1 Oi« (ions/ 

cm2 ) aAb, 110 cctD^^sfflm+Ts^mffi 

jKtil2Q/n (mm^) a:;^o;feo i9ia3pU>'Un> 

4^ U 3 > 5^ - W i?x h U 

I|g2 3±tc, S»KllCli»4$nTmi^B ffll# 5( 



it#B8¥7 -6 3 9 9 9 

1) ^?^££-rs->U:3>»{bKi 0 l^S^^ifi^(^- 
t:^ T ^ ^ X y ^ U > ^^^ffl TK[^ 3 M m^KK b 
7 :t h U V ^ 7 7 D -t X I C T 7 :t h V >^ X h ^ A ^ 
- - > b 7 7 K 1 7 >f b T >^ X A <D?i^*»«S 
TX^y^>5^RS?*b, Wffi7:r b VvXh$:RS**b:fe: 

(0 7 CO (A) pM) o wi&mm2 3tmmo^ 

K*J*'£IBV>Tiej¥4 0 OnmO*U vU3>Kl 0 2 
&*£Kb (^7(0 (B) #TO , 7:thUy^^7^7' 

n-txicr/^3^-x>^^b«J«i«ffi2 4, ^J§8K2 8, 

pJ^^Si:bT(D^;S8?2 5^^^^b;t (07(7) (C) 

KftK 1 0 3 S:'>U n ymitm 1 0 1 

0K;?3 0 0 nmfl^^b (07 <7) (D) #B^) > /"ii^- 

x>^^ff-3fc^tClf-A2 2 ^;/S:^4^U'>U3>K[l 

0 4^. a£«ffi2 3tcrfflt.^:fe#'JvU3>|g<^BKiS 

yf&tmmoijmzxmmisonmm&hft mio 
(E) ^TO « ^<D^o\zm^hrzt^')'y')^>^'^^ 

-Afl^3K(c/^5^-x>yb. '>U3>Kfl:Kl 0 i:S:DJ 

1 0 3S7 7SJCT^*bfc (07t^ (F) o 

K 1 0 3 ODJg^Rt;if- A 2 2 COS^. ^JtSK 2 8 

fijc<fco»^^#«i'ft^^n^o ^(D^5\zhxmm'f 

n ir X & 7 ^ h U V ^ 7 ^ >^ n -ir X ( c J: 0 fPS b 
[0 0 3 0] (® 3 (Ci^JfiW 0 8 tl*5gWt^»«7:i7 

3 8^^rbT^n^nx«3 4t;:ig:vte»rc2':5(7)if-A 
3 2(D±ffi(cti. pjibSffis 9;o^Kttenrv^^o *^ 
ft#tjTtt0 6Jc^bfc»aTi^^n.x-^i:l3l«l;:. ^ 

m6\z^h7t»n7^^^x-^\zm^}d-A2 
2i)m^^mtrs:^o\znvx. &sx\t^%^m3^ 

lf-A3 2«^n^o i::co:feaC)> nJSiSffis 9J^MH- 
A3 2(Ci*^L^M ([irtStt) ^*'i>tC[iIte^&t-§. 0 9 
lCTlf-A3 2(D. ■^^*aa:bTOS;S8B3 5lC<i:^ 
flf^^KW'T'&c 0 9ti0 8(C*5tt^A-A»r]STS 

H^aas siceE^wiobJ^v^S'&fi. i^-as 

2ti0tt3CDttST^-r<fc'5tr7K¥5Kffii:?5:D. H^Sffi 
3 3 i:. M3tJ$ffl3 8 S^bTpIg!rSffi3 9 fcSEE^&W 
Ji]T^;ia:»-<i:0, P^lf-A3 2^iXe^^^6 tJ^^ft 
StCTe:n, Htf-AS 2(7)i|@:5[^<^)fr«Wffi*^3^^B8 
3 5JC«ttb. tf:?3[0^8!lfi$tt (L) J&>e> (D ti^ 
0. S<;^'5o •r;a;t>^. Pt:-A3 2tt, ^0^WM 

^ic±#bTiftn^)o 

[0 0 3 1] mSX^Vft\t^(Dikn\Z.kKi^^t^:^ 
) ^|g<D»«7i75":iX-^£OllSfi«?»J(DfPKXg<D-«f!12: 
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(6) 

9 

m 1 0 oi^mxum^m^rmm-r^. 
[0 0 3 2] ^m)m^x.y^>if^^^^9mB^»^ 

^ a X- 5^ cDTffi & U Kffif -5 «Hfi» ^&?i^J«T 5> 
:^mmA, Cadiaan »IC^D«K$nTVi^> (86iB9lffl 

3 4±tCffle«S3 3t?^^Al»ia«:, 7./\y^^J> 
5^j*lr<fcOKW3 0 0 nmiftatUTJ^riEtfco 7 

:^D'feXlCctO;^^-n>^U. Al^BCla <i:Cl 

if}* (RIE) (C.tO/^^'-X^i'^^rffV^. H5g«ffi3 
3 ^miSuV-ft. R I E&fflViTi6*7'7XvlC 

7:t hl/>?Xhl 1 l^Xt:>3--i$'-(C<i:0 3/zma 

1 1 ItS^+Xh (Hoechst)ttH(D*>?S7*hU'S>X 
h-C*-5fflia«AZ 1 3 5 0 J^ffifflU;/!ta 7:thUx 
X h 1 1 1 «««^»r»(^3£f*»3 8 (K8#fla) SrflE^ 20 
|RT^>tfelC-«B7* b U Vi^77^ ICJ: D»*LTfc 
^ GO (A) , 7:*- hW'v'XM 1 l«m 

-At;5:-5A l»fl8l 1 2*X/^^y^0>^Stc:«fc0jR 
7 Snm^KLfc (01 0(7) (B) , X/Vy^ 

^mmo».JI^tit:1ftXft. 7:t b Uv^X b 1 

1 3$Xt!>n-5^iCi;0K/S10 0nmaffiL. 

1 0<7) (C) #Ra) . rcD±«tCAl»flll 14^Al ^ 

mioo (D) »m) . ssfc:. Ai»Ki i4±{c 

7* hl/>?Xhl 1 5&7*h»jyy77>f T'D-feXtC 
a;OA^-:::>^U mi 00 (E) ^M) , A 1 

t>Xy9^>^^ (RI E) \Z^K^/\3^-X>^^ff 
K 3tJ*«3 8. 3tjRa3 5. Pl»««3 9^&J^^SU. 

^^\zxy^>^^mmmy^hu>^:Khi i 3=£t 

X^^tUTbT-AS 2«:/'^5'-X>>/t> -t^S. RI 
E^fflV^TK«y^X"TlC<J;OA l»Kl 1 4. 112 40 

^:^^^mtmmi o o c cmfi;±. x^>ifn<Di57. 

JEE^3 2 0 Pa£(±i:L. it-f HX-;^&:fci^<®^*fr 
SSfflUto £i±cOfP»XiBlC<fcOH8tC*-r*»M<^ 

ST?^i3£;SC»*^lf-ATffl»C*ofc<DlC*tUT0 1 0(7) 
f^«XgTtt^AffittH-AJ:g8lCKfrtT*«»o ^tlti 

»ntf*aitz»^ro«ftrij:)^<. f^sxe&f8®(c-r«> 



^^iB¥7-6 3 9 9 9 

TA1»H1 1 2^n^-::^>^^'r\Z%2^Witn.^ 
ttW^SL. A i»Ki 1 4^/t^'-x>i^f«»::tlc 

A l»K<DX!y5'>^:/D'irX§-atrfT5ili: 
tr-A&lK*;a«0 3:*:7c«jSfr«:-Kic?e^^ 

[0 0 3 3] iififiD^-^lCM^^nfc^^lBW^IfrmT 

ir^oLX-i^rti. »«3 4±icis:tte»n^s^affi3 
3ic®ffi&9Jjni-r^>i:, w&z^h\zmiSu\^it^^n 

^^c;6^^;a:'5oI»«ffi3 9:fe<ti;tf-i^3 2;&t^J^U, «K 
««I!ftSIEOtf^aa54^*«SHISrttttTfifllUfcX^ffi3 5 

th\z&&.mifi^^<^n. 7i-u9mmtmmzu 

[0 0 3 4] (m4*JSW ±8BSI»WTti. 3t;afflSr 
10j9:tt3t»«7^^^aX-^Jc'::>ViTiE-^>5:?5^. ^ 

f>5:t)'&> lai iicmi> m2, m3*jsas4 5 

1, 4 5 2, 4 5 3030<D3tja«^»frtfc»«T5^5^ 

x-^com4iijfi«(D«»r®0&^-r. %§Momz^ 

V^<B><r3fi:firtcSfK4 7 1. 4 7 2. 4 7 3*«^^£3n 
<5o c:cDi:#i^tf-A2 2cO^&ai:9llni«JEi:cOia^ 

^^\z-%MM^mLWLn^^t\z^^. *«w<^»e7 

^?^3LX-^$^OT:?-aifWffllli*0SatC^t:t:>fc. 01 

[0 0 3 5] (»5g|JgW 01 3«*56?g(D»«7^^ 
5^:xX-5^<DS5^«[^£^T^H, ai4tt013 

\z7^hitmmj ^^:i~x-^owiVF^um'^it}^om 
CO 0 3 6] 01 3tr^-ri;5(r, i^%mm\mi%m 

mom^(D^MM2^^fS.<\.. tf-AiiUTmilf- 
A 5 2 KO^m 2 fcf-A 5 5 ^SJttT* 0 . ^r^«*3i»^ 
^ft$#^'bcDT*'5. tUf^%. 5 3 SaStt 

fc»«5 4±tC^»255 SlCiO^ffi^tn^LT^E^b/!: 
» 1 RVS 2 hf-A Pltt«a 5 9 cfc 0 &S««nI»I«B 
*^S^tT*t). pI«*a2:UT(^«2h:-A5 5ttaK 
Sr^M^TSl ti-^AS 2T»lceaby!^»^o pl»«a 
5 9tt«§l»®*»K/>^e^:te'6. **t6«CD»aT5^? 
o.X-^'SKif^f Pll!i««5 9a:B^S« 

5 3tC«flESBlln-rs^:i:tCi;0, Sglt:-A5 2f^S 

«t5 4«icHi5i.. 'ffs.t>%mmwm\imLhm\z^ 
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(7) 

11 

fe-r^o mmmBi^^mbm i tf-A 5 2 \t'^^\zm^^ 

[0 0 3 7] <£SJETTJ^ta«pJS!)ISc;otJfeSiS:«ki: 
U^fi^. ^mmBi)^. ®2fcf-A5 5 0affia:l|l^f- 
A 5 2 tf)m'r^ns,^±x\t. tr-A^^ e)^^^ 2 

rc^mm\i^<o^i^n&tii&m(om%\zf3i^c cz. 

[0 0 3 8] Kk±mmhft^o\z. itid^om^^^itA 

^^2 tf-A5 5 -hoDi?^. mm(D\mm^^^ 
&~r^m^si^^mm\zmm^^z:t\zxr). s&\zm 

4\Z^hfttZ,:5<Dm^^^^^^tf)^'^mX$>^o * 

^mm<DmnT^^:^x-^},m7\z^vrci^mxnx 
r^zt\zfs.^. 

[0 0 3 9] &l|}fi«flJ^^IIV^T*^WO»®7^ 

^:xx-^<^«^. mt^iktsr^mxn\zz:>\.^xmmL 

^mn\zm-im^m^^fiLf)^. ^mm»^m&-r^ft^ 
tcB^sf s izmi^xmrnnmRtsmmim^^m^'^r 
\zm^t^z.tf3^^mf3imx^ti\i. i^m^n^^^ 
(o^^m^ntvxm^xhmt>u^\ ^mmm^mi:^ 

m^m^ftii^. mzzn\zm:&^n^h<Dx\tu<. ^ 

oM^mmmz^Ki^mL. ^mm^^n<o^^\zmm 

^Tc. mm^^WimRm^nmtvx. Aim 
t!)^ ^mmmn^fSi^-rm\zxy^>if'^nu\^^:^ 

nxhn\i. Au, Ni, Pt. Ti, Co. Ag. C 
u, Ge, In. S imo^M. 

<. ism'^W}mmmz^is:v&&^mtm'r^zti)^ so 
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12 

u^^^^\z. mi^nm±\zmm^^m^Lxh^^\ ^ 
It. ^^m<Dm\^^wzii\^^x\ts ^jsmtism^W} 

m^^xi^SiLxhmt>fsi^\ -rfsitf-^. msmmmiz^ 

\zi^^)zi>mm. AI2 03 ^0'^>^m<Dic^\^^m 

\zxm2\£'-h<D^^^^b'^<r^m(Dmm(Dt^mm\i 

[0 0 4 0] mi b}t^mm<Or^^:xX-^TU'<<D 

±mm. mi e\tz,<Dr^'^:xx-i$^7u^<D—3o^ 
[0 0 4 1] ^1 5*3cfcr/^i efw^-Tcfc^tc, iicDT 

^^^LX-i^rU-i 8 2 0\t. m tC^b:fe7i7^n.X 
"^^2^7C«iCE5!lUT7l/^{bbfc'b<DT*»9. # 
7^^^X-5^iC^UTiKI(l[lIK4 0 Qfj^mWzm-f^ 
nT:feOv §Ki!i[HlK4 0 0ti, SJfflllelKS 0 0:«i>e,co 

m^\zm^^^xmi^nm 1 3 ^> 1 4 

<7>eE$H1iDr-2>iltlCJ;D> <^«B«KS!iSB 1 4 ^ 
fi^^^-^. $!1»IHIK3 0 0t'<fc0«'l8!!)l9lK4 0 0 

\zMmmnii)m^n. z.0mn\zm-^^&mm\B\^4o 

Opibm&f)^^^<r>Wn7!^'^:^X'-'$^(D@Mnmi 3 

4 t(omMm&:m^m^\yx^&^ii^z.tf)^^ 

^ X - 5^ CD:S* $ ^-r^ffliSi T ^ o 
[0 0 4 2] *tC. *:^?g£D»m7i^5"jLX-^^£ffi^^ 

[0 0 4 3] S 1 7 li, *^McD^SES h >^;V®»^ 
1 7 \Z7^LfttJ>9-U/^-m:/0'-^^^^mh>^)V 
[0 0 4 4] C(Dti>^U/^-m:fU-'fl 2 2\t. 7 

^^:xx-:^mi^\zmi 3\zmhft^^mo»n7^^ 

#f6 10f^S«. Pt. Rh, W^CD^Sfr^S^UT 
^^Ef^. &^l^l**a!t*flF^4. 9 0 6, 8 4 0^tC 

^U/'^-m-fu-^l 2 2£?^^b;/b>'U3>coSS. 
«F-^l 2 5JAS«6 4^Z^rf^ (1217 4'. ±T:&f^O) 
iCffiidr -SffllhfflESsR^ . 1 3 5 
^1 2 5Rt;*>5'WN*-^:/D-:/i 2 2^UM&m 

\zmiS:^^^m&mm. nm 2 3\mmmm'r^mm 
m<Dunx. nm 2 4\tuni 2 3^xY:^^\zm} 
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( 

13 

[0 0 4 5] ^%m<DMitmh>^)\^^WiiSL(r>W}i^^sk 

stii^ 0 ^n^\ 6 1 irajsj 1 2 3 wtc h y^^jvmm 

6 1 t<Dm\zmri^ h >:^)vmm^h>^)vnm^a^ 
rti >^k/N*-^7'D-:/ 1 2 2 tc h >*;i^ess:^^-^ 

[0 0 4 6] ^<DmmTXYmimmmmi2 4^xY 

^iiBtfilpIKl 2 3TXY;&fp](C^3E-r^^i:(c<fcO. 
K» 1 2 3 (D^acDa/h)5:[HItfb(c<k O^^bbfc-y— 
E7&««iffl$n, -^-ni^MPIUKl 3 2tc3l02.^> XY 

i/^ 1 3 4ic^^^ti^o ^o^. se(7)maHU7 
h, MJsn 2 3 co^ffioiHifi, m^f}^±t<. ijy^u 

n-S!:/D-':^l 2 2(DXhn-i7jBHT£Diit¥:)5^r^ 
J^V^S'&tCJ^, ffi»fflJES«? 1 2 SSrfflV^Thy^;!/ 
SffljftffilHlKl 2 7 0{i^^Z:5lnja»BS)lHl»l 3 1 
SaCT. 0. Ol'-O. lHzgRC0««(^7^-H 
y\*^y^=£fTVi, z*foi<^):^^75:t!i€lC36«£-r^«fc'5t::M 

&itff^B<35iH]dix-^ \z&tSirr^^oi^mm^\z^ s 

»«7 ^7 5^;LX-^T}iffl^«B£^&i^ < mn^ t mmz 
i^&m^i<^<M^:itf)^^mtu^ftisb\z (0 5&i; 

m h >:^)vmwi»\ztt^rimmm(DB^izMT^ z-n 
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[0 0 4 7] 'Jk\Z. *»^<7)»S7i^^ii-X-i$'^fflV^ 

[0 0 4 8] g31 9f^*^?^cOil«^^gM(CffiV^^* 
fif^3gO-«?»l$^t-S. 02 O(i01 9i:i^U:/^^^if^ 

§8^&ii»2^7cMt-iB3^Ji^fe. ia»ifaog^=£fT5ii 

|feS^ge<0±ffl|g. 0 2 Ui02 OtC^LfcH»lf^ 

[0 0 4 9] 01 9H^Tcfc^H. >t<ifnJig8 Ut06 
co»S7 ^ ?^x-^ 7 5 IcJ; D If - A 

7 2<7)g^*^^{b-r^^^^ffl(^^:'St»l£7^^a-X"^ 

-A 7 2(n'^^mzmi\^^nmt^^z.t.\z^y)%^^ 

rs=K7 4JcMbr±ffl]te:^tro HMi[irsSffi?5«±#"r 
Si:3£;a8B7 h\z^'0\t^h\^X(DMWi.^^im^\^ 

a.x-^£fflV^fc3tfirRl3g-C^i5^-O0«;S. 

Tg^mi)^±:fj\z^U'r^j^\zmEvxhi^^^rz\^\ 

[0 0 5 0] 02 o*5j;i;02 1 n^Tct^ic, ytm\^ 

ffii(i«ffi^Ji^firpiSTSBtcian0^$nTV^;^ 
V^o ^iniCcfcO. tf-Affl;6>^(^S»)td^i^<5^-7 
9 iZ^^R^mzM-r^ J < X3t^5>^&fii*bTVi^o 
tit. ffilsmSii^l^aB^^ft^l^T^ ^-7 9 tc<@>!r»S: 

Sffit*<ifRi^i«iiHi<^;^cje)coesiteiK2 4 s ics^ur^^ 
^7h^^nwmi(m^m'%\z^y:.xmmm%2 A 
7 J; 0 <o%mm^wk^^^'mm^ 2 4 s 

«iJfflim-^=£2IO> Ki!ilHlK2 4 8;:i^^(^)ffiiiimjE*cS':i 

piiBt^sioTv^-Sc ^mwjnm\zhy>'yx^^istmv 

Xt^. U^. 02O(Ci$LiT, K*lti^<ifplS8 1© 
[0 0 5 1] 02 2tC0 2 0[C^L/yt*5gKOB»^^ 
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(9) 
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15 



16 



[0 0 5 2] ±aiLfcJ:3tC, ^^f^H^ttffiC^B* 
X^U->2 4 5tcS:^i-S, 8 1 

m^^fL^^t\z^^m^m^:^xmivyx2Az 

tcAltl-^itff^^ ^7 u - > 2 4 5 ±cota:j^ 

\zmt'^^^'ctx. m»t\^xMJt^'^\z7.!?^)-y 
2A%h\zxmm&m^n'D^tti^'^mhfs,^. ^ut^ 
%s i^^mo^u^^^ 1 m \ 9#M) ^m^^im^ 

^^gSlCctO. 5 Sinuate 

fc. 01 9cD3t<if^S^1^^7clC7U^ftU X^U- a? 

[0 0 5 3] 

[0 0 5 4] /M!T7Wfl:;0t§BJ^«^T*O, «« 

'&t.ux>. '^^\z^&.mjkxMMn.^<D^^^^v^v 
[0 0 5 5] ^tz. m^<r^^u^^^'&iL\z%om^R 

^mWfi^^\^ft^1tz,h\z^y). ©SttcoiiSVilfSili 
[0{i0ffl*;^K9g] 

[01] *SMO#«7i7^iX-i$'C0|imi6«^JC0^ 4Z? 

[0 2] 0Uc^brc»«7^^aX":5'OaE»fffi0r 

[0 3] 0ilc^t;t»m7^??a.x-^c^Kif^^&SiH>^ 
•r^fcs6cD0T*^o 
[04] 0Uc^b;t»m75'^aX-3^(^rt^:f3tSffi 

[0 5] 0HC^Ufc»«7^7?:iX-^(DH3in«JEEi: 

^&&<Dm^^7rrr!fvyxhh. 

[0 6] *^?Bc35»a7i75'jLX-i5'(Om2^JfiM<^^ 5(? 



[0 7] 0 6lC^Lfc»m757 5^a.X"i5^a)f^KXe$: 

^■r0Tfe^o 

[0 8] *SBWC0»«7i^5^:iX-i$'C^^3^ifiW£^l4 
a0T«»^o 

[0 9] 0 8SC^Lfc»«7i^^iX-^OH-A(OS 

n!!if^^£iS£M-r^;tii)co0T^^o 

[010] 0 8ll^L';^»^7^^3-X"i5'Of^SXg 

^^■r0'c^^o 

[011] *^W£D»m7^^iX-^CD^4^JSW<^ 

aE»fffi0T*^o 

[012] 01 1 t'^bfc»®7^7^aX-i$'(D95j!jnS 
[01 3] *^MC0»«7^^^X-i57C0^5^SSW® 



[014] 01 3(C^b;/h»S7^^aX"i5'(75S!lf^S: 

ra-r^fcjs?)<^0T&^o 

[01 5] *^WC07^^^X-^71/^(^— ^ffi«^<^ 

±M0T*^o 
[016] 01 ^\Z7V^\y1t7^'f:xJ^-^7V'1(D:fU 

v^mx^^. 

[01 7] i^^m\z%t>^ti>^vn-m':fu-^<r)^ 



[018] 01 7ti:^bfc:^>^WN*-^>^n"^^£^ 

[01 9] im^m%^mko-%'m\<h^^wri^ 

[0 2 0] 01 9H^bfc)tlifpiS^&1g»2;*:SWScia 

^jbrc> ia«fs«(^^^^ff'5ifffiffisseco±s0T 
[02 1] 0 2 otc^bfc«^i[iSSS(^:/P7^0'^ 
[02 2] 02 o<^is«*^Sfi€:S*fS!x^x:;^i/^ 

[02 3] t¥*CD»«7^75':xX-^CO^0T*So 

[0 2 4] se3fe(^»«7^5'^x-^oftf^=&iJ£^-r§ 
fcs6<?50'rfe^o 

[02 5] Se*C0»a7^^:iX-^'OWJD®ffia:^ffi 

[?gF#oi;£^] 

1, 2 9, 3 9, 4 4. 5 9, 6 9 bJ 

2 tf^a 

4. 2 4, 3 4, 5 4, 6 4, 7 4 
3. 1 3. 2 3, 3 3, 3 4, 4 3. 5 3, 6 3 

1 4 wmm^ 

1 5. 2 5, 3 5. 7 5 
1 6,3 6,4 6 SIIS® 
1 7, 3 7, 4 7 1 112^81 
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17 






18 


4 7 2 II3^BS 




1 2 6 




4 7 S ^4^ES 




1 2 7 




18. 2 8. 3 8, 48. 58, 68, 78 




1 3 0 




2 2, 3 2, 7 2 tf— A 




1 3 1 




5 2,6 2 ®1 tf-A 




1 3 2 




5 5,6 5 W>2 f-A 




1 3 3 




6 1 




1 3 4 




7 3 WMWm 




1 3 5 




7 9 




2 4 2 




8 1 %m^^ 


10 


2 4 3 




8 2 




2 44 


m 


10 1, 103 vUn^ffi^bK 




2 4 5 




1 0 2, 1 04 TpUVUn^K 




2 4 6 




111, 113, 115 y^hVz^TsV 




2 4 7 




112, 114 A 1 »K 




2 4 8 




1 2 2 :?fj>5'Wt-ll7'n-:/ 




3 0 0 




12 3 tt<et 




4 0 0 




124 XYai!F«« 




5 0 0 




12 5 fiidfflJESsS^ 




8 2 0 
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[02] 



(finale «i) 




4X« 



18S:J*«E 155£;S» 135I£«S 



14 
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[06] 




24 S« 



mi] 



ms] 



(A) 



£1 



\ N \ \ 



(d) 



102 



250^«« 

\ \ \ \ \ xn 



(C) 



(0) 



^ ^ V V \ ^ 




3>M 



22fcf-Zi(?t^'J5/'Ja>R 
104) 




A-AWtHH 
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300 




II 7] 




[^1 9] 



120] 



64 
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74 S« 

73 eott^ 
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II 8] 
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131 



127 K>^^;H)^ 
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248 
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